Introduction
A peripapillary intrachoroidal cavitation (ICC) is a yellowish-orange lesion located inferior to the optic nerve in highly myopic eyes. [1] [2] [3] [4] [5] [6] [7] This condition was originally reported as a peripapillary detachment of pathologic myopia, 2 however, later studies using more recent versions of optical coherence tomographic (OCT) instruments showed that this was not a detachment of the retinal pigment epithelium (RPE) but an ICC. 5 We have reported that a peripapillary ICC was observed in 5% (32/631) of eyes with pathologic myopia, and 71% of the eyes with peripapillary ICC had glaucomatous visual field defects. 3 A PubMed search on 29 July 2012 using keyword 'intrachoroidal cavitation' extracted seven articles 1, 5, 6, [8] [9] [10] [11] and a search for 'peripapillary detachment in pathologic myopia' extracted nine articles. [2] [3] [4] 7, [12] [13] [14] In all of these studies, the peripapillary ICC developed inferior to the optic disc. Even when the peripapillary ICC was extensive around the optic disc, the ICC always involved the area inferior to the optic disc. 3 We recently found eyes with peripapillary ICCs, which were located temporal to the optic disc without involving the area inferior to the optic disc. These temporal ICCs differed from the typical inferior peripapillary ICC by being more extensive, and in some cases, extending beyond the central fovea. Also in some cases, an inner retinal defect was observed between the temporal edge of a myopic conus and the ICC. As the inner retinal defect might damage the nerve fibers between the optic nerve and the macular area, it became important to study the characteristics of the temporal ICCs in more detail.
Thus, the purpose of this study was to examine the OCT characteristics of temporally located peripapillary ICCs, and to report the demographic features of the patients with this defect. We also describe two cases with both temporal and inferior ICCs with the temporal ICC much wider than the inferior ICC.
Materials and methods

Patients
Approval was obtained from the ethics committee of the Tokyo Medical and Dental University to perform this retrospective study, and the procedures were used during the examinations conformed to the tenets of the Declaration of Helsinki. A written informed consent was obtained from all participants.
The medical records of highly myopic patients whose papillary and peripapillary regions were examined by swept-source OCT in the High Myopia Clinic of the Tokyo Medical and Dental University were retrospectively reviewed, and the patients who had a peripapillary ICC located temporal to the optic disc, a temporal ICC, were identified. The definition of pathologic myopia was a refractive error (myopic spherical equivalent) 48.00 diopters (D) or an axial length 426.5 mm. All of the participants had a comprehensive ocular examination including measurements of the refractive error (spherical equivalent), axial length with the IOL master (Carl Zeiss Meditec, Dublin, CA, USA), and fundus photography (TRC-50DX, Topcon, Tokyo, Japan).
Swept-source optical coherence tomography (swept-source OCT)
All of the eyes were examined by a prototype sweptsource OCT instrument manufactured by Topcon Corporation (Tokyo, Japan). This swept-source OCT system has an A-scan repetition rate of 100 000 Hz, and its light source is a wavelength-sweeping laser centered at 1050 nm with an approximate 100 nm tuning range.
However, the effective bandwidth was approximately 60 nm because of the absorption of some of the energy by water. The axial resolution was calculated to be 8 mm in tissue with a lateral resolution of 20 mm. The imaging depth was 2.6 mm in tissue, and the lateral scan length was adjustable.
Three scanning protocols were used: threedimensional (3D) volumetric scans, raster scans and radial scans. The scan was centered on the center of the optic disc or on the central fovea. The 3D volumetric data were acquired in 0.8 s and each 3D scan covered an area of 6 Â 6 mm 2 with a 256 (horizontal) Â 256 (vertical) A-scan density. To improve the image quality, three consecutive B-scan images were averaged by a weighted moving average method. Each of the raster or radial scans had a lateral scan length of either 6 or 12 mm. A single image was made up of 1024 A-line acquired in 10 ms. Typically, 32 B-scan images were recorded and averaged by post-processing to yield a de-speckled B-scan image. The width of the ICC was measured with the built-in caliper function of the OCT software by one masked author (MM).
All of the patients were examined with a swept-source OCT, and a temporal ICC was detected in a horizontal OCT section through the center of the optic disc. An inferiorly located peripapillary ICCs was determined in a vertical OCT section through the center of the optic disc.
Results
We examined the medical records of 125 patients whose papillary and peripapillary regions were examined by swept-source OCT. Of these, 16 patients (12.8%) were . 12 The funduscopic appearance and fluorescein angiographic findings of eyes with a temporal ICC were very similar to that of the inferior ICC, viz., the ICC appeared as an orange-colored lesion with ill-defined borders in 6 of the 17 eyes (Figures 1 and 3 ). In the other 11 eyes, the orange color of the temporal ICC was not obvious, and a yellowish chorioretinal atrophy overlying the ICC prevented a clear observation of the color in 6 of these 11 eyes (Figures 4 and 5) . The ICC in the other five eyes was detected in the OCT images but was too small to be distinguished ophthalmoscopically. The temporal ICC was hypofluorescent in the early angiographic phase and mildly hyperfluorescent in the late phase in all of the 10 eyes, which were examined angiographically.
The OCT findings of the temporal ICC were very similar to those of the inferior ICC. [1] [2] [3] 5, 6 The sclera was bowed posteriorly in the area of the ICC (Figures 1 and 2 ) although the bowing was not obvious in the smaller ICCs. Inner retinal defects were detected at the border of the conus and temporal ICC in two eyes. A slight herniation of the nerve tissue into the ICC was observed in 13 of 17 eyes, and a hyporeflective space in the OCT images suggested the presence of fluid within the ICC in (Figures 1 and 2 ). In eyes with no inner retinal defect, there was a triangular thickening of the choroid with the base at the temporal border of the optic disc as we reported for inferior ICCs (Figures 3-5 ). 1 The choroidal thickening appeared to be accompanied by a stretching of the border between the choroid and optic nerve, that is, the bordering tissue of Jacoby (Figures 2  and 3) . 13, 14 Also in some cases, a defect was observed in the bordering tissue of Jacoby (Figure 2) .
In five eyes, the full thickness of the choroid appeared to be attached to the RPE in the area of the ICC, and the separation of the ICC appeared to occur at the suprachoroidal space (Figures 4 and 5) as we reported for the inferior 1 and macular 9 ICCs.
In addition to the location, one of the features of temporal ICCs that differentiated them from the inferior ICCs was their extensive width in the posterior fundus. The average width of the temporal ICC in the horizontal OCT scan across the center of the optic disc was 1467.8 ± 1328.1 mm with a range of 442-6200 mm. In two eyes, the temporal ICC extended beyond the central fovea (Figure 2) , and in one of these, the subfoveal choroidal thickness in the vertical OCT scan through the fovea appeared thickened because of a separation at the suprachroidal space (Figure 2g ).
Two eyes with a temporal ICC also had an inferior ICC, and a direct communication between the two cavities was detected in one of these two eyes (Figure 2) . However, even in this patient, the temporal ICC was much wider than the inferior ICC.
In our earlier study on macular ICCs, 9 we found intrascleral vessels very close to the area of the cavitation in 19 of 31 eyes with a macular ICC. In this study, we also found intrascleral vessels very close to the area of temporal ICC in 3 of 17 eyes (Figures 2 and 3) . One of these three eyes was examined by 3D OCT, and there appeared to be a direct communication between the intrascleral vessels and the vessels in the area of the temporal ICC (Figure 3, Supplementary video 1) .
In all, 8 of the 17 eyes (47.1%) in this study had macular chorioretinal atrophy because of the atrophic phase of myopic choroidal neovascularization (myopic CNV). All of these eight eyes did not have an inferior ICC accompanying the temporal ICC. In addition, two of these 17 eyes had a conus pit 15 near the temporal ICC (Figure 3 ). 
Eye
Conclusion
Our results showed that 15 highly myopic eyes had an ICC temporal to the optic disc that did not extend to the area inferior to the optic disc. We also found two eyes with both inferior and temporal ICC, however, the temporal ICC was much more extensive than the inferior ICC ( Figure 2 ). The appearance of the fundus, angiographic and OCT findings of the temporal ICCs were very similar to those reported for inferior ICCs. [1] [2] [3] 5 In addition to its location, a major feature of the temporal ICC was its large size. Although the width of the inferior ICCs was not measured, the inferior ICC appeared to be restricted to the region around the myopic conus in most of the reported cases including ours. [1] [2] [3] 5, 6 In this study, the average width of the temporal ICC was 1467.8±1328.1 mm with a maximum value of 6200 mm (Figure 2 ). In fact, the temporal ICC extended far beyond the central fovea in two eyes.
The characteristics of temporal ICCs did not provide clues on why they tend to be large. One possibility could be that the area temporal to the optic disc between the conus and central fovea might be the area where the mechanical tension is the highest in eyes with pathological myopia. On the other hand in eyes with an inferior ICC, the inferior edge of the staphyloma was generally close to the inferior border of the optic disc, and the inferior ICC did not appear to spread beyond the inferior edge of the staphyloma.
In the two cases where the temporal ICC spread beyond the fovea, the image of a vertical OCT scan across the central fovea looked as if the subfoveal choroid was thickened (Figure 2g ). This case in combination with the Temporal ICC in pathologic myopia K Ohno-Matsui et al results of our previous study on macular ICCs 9 indicate that it would be better to exclude cases of temporal and macular ICCs in the measurement of the subfoveal choroidal thickness in highly myopic eyes.
It was not determined at which level the ICC separated from the underlying tissue. Although an ICC was originally reported as a cavitation within the choroid, we recently found that the entire thickness of the choroid remained attached onto the RPE in the area of a peripapillary inferior ICC 1 or in a macular ICC. 9 In eyes with a temporal ICC, we also found that the entire thickness of the choroid was attached to the RPE in the area of the temporal ICC. These observations suggest that the separation of a temporal ICC develops at the level of suprachoroidal space at least in some cases.
The reason why the ICC develops temporal to the optic disc is not clear. All of the eyes with temporal ICC had a temporal or temporally wider annular conus. We suggested that the deformation of the posterior wall of the eye is more pronounced in the area of the conus because overlying layers are thinner than in the more normal regions temporal to the conus. 1 Also, we found macular atrophy with scarred CNV in 8 of the 17 eyes with an ICC. Among the 15 eyes with a temporal ICC and without an inferior ICC, 8 (53.3%) had macular atrophy. We recently reported that ICCs are present on and around a patchy chorioretinal atrophy in the macular area, that is, a macular ICC. 9 The histological findings of a myopic conus and patchy atrophy are similar; the RPE and choriocapillaris are absent, 16 and there is a destruction of the underlying Bruch's membrane and photoreceptors. Although the intraocular pressure is uniformly distributed on all walls of the eye, the expansion of the posterior wall should be more pronounced in the areas of patchy atrophy or around a myopic conus. Thus, the area between the myopic conus and macular chorioretinal atrophy tends to be greatly stretched because the areas of both the myopic conus and macular atrophy are more stretched than surrounding normal areas. Also, there appears to be a greater adhesion of RPE and scarred CNV, and thus the RPE is relatively less flexible to the mechanical expansive force. This adhesion might act as a force pulling the RPE to the site of foveal CNV and might facilitate the tissue dissociation at the edge of the temporal conus.
In two of the eyes with a temporal ICC, an inner retinal defect was detected along the temporal border of myopic conus. The temporal ICC and the inner retinal defect between the ICC and myopic conus might damage axonal flow of the nerves connecting the central fovea and optic nerve head, which would then result in a central scotoma. However, caution is needed because the central scotoma, which could be caused by temporal ICC might be missed by the concurrent presence of a myopic CNV and macular atrophy.
As we reported in macular ICC, 9 large intrascleral vessels were found in close proximity to the area of the temporal ICC in three eyes. Whether there is a causative relationship between the presence of such a large vessel within the sclera and the development of macular or temporal ICC is not conclusive, however, it might be possible that the elasticity and rigidity of the sclera in the area adjacent to such large intrascleral vessels within the thin sclera of highly myopic eyes might be reduced.
There are several limitations in the study. We determined the presence of an inferior ICC in the vertical OCT sections through the center of the optic disc, but it is possible that the inferior ICC is dislocated to inferonasally by a tortion of the optic disc. However, in the 15 eyes we did not detect the inferior ICC also in the inferonasal OCT section in vertical sections (data not shown). As a result of a lack of follow-up data, it is not clear whether the temporal or inferior ICC develops first in the two eyes with both types of ICC. In the eyes with macular atrophy, there still is a possibility that the temporal ICC developed from macular ICC around the macular atrophy. However, the ICC was the deepest at the edge of myopic conus, which suggests that temporal ICC begins from the conus edge. The visual field data were not analyzed because the judgment of central scotoma is difficult in eyes with macular atrophy.
In conclusion, we found peripapillary ICCs which were present temporal to the optic disc. The temporal ICCs tend to be extensive, and in some cases extend beyond the central fovea. The influence of temporal ICC on the visual field in highly myopic eyes needs to be investigated.
Summary
What was known before K ICC develops in highly myopic eyes, but always develops inferior to the optic disc.
What this study adds
K We have shown that ICC develops temporal to the optic disc without involving the area inferior to the optic disc. Inner retinal defect also develops along the margin of ICC and myopic conus, and this damages disc-macular bundle of retinal nerve fiber.
